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Some Comments on the Uniqueness and Value of the CASSPER Distributed Network Analyzer 

Prepared by 

Dr, Robert A, Koslover' 
June 14, 2000 

In my view, there are two particularly important features of SARA's CASSPER system that set it 
apart from other tools that one might employ for comparable purposes: 

1. The application of the Low-Power Wideband (LPWB) test technique; and 

2. The distributed nature of tiie system, with the individual units connected by fiber- 
optic links (in a synchronous phase-locked configuration). 

The combination of these two features makes CASSPER much more suitable for certain kinds of 
transfer function measurements than traditional vector network analyzers, although the latter 
remain the primary tools in use today. Traditional network analyzers, of course, are particularly 
well-suited to direct transfer-function characterizations of individual circuits, components, and 
devices in a bench-top laboratory environment (see Fig. 1 below). It is important to note that the 
CASSPER system is not claimed to offer any significant advantages in such applications. 

Figure 1. Example usage of 
conventional network analyzers 
to characterize components. 

*Pictures borrowed from: "Hints for 
making Better Network Analyzer 
Measurements," Agilent Techno- 
logies, Application Note 1291-1. 

Note that the example devices xmder test (DUTs) shown in Fig. 1 have both their input and 
output connections: (1) located near each other (allowing convenient connection to the analyzer); 
and (2) coupled to one another entirely inside the DUT, via a path that is relatively well-shielded 
fix)m the external environment. When either of tfiese conditions does not hold (and especially 
when the 2"** condition does not hold), the application of these traditional methods, though often 
still workable, can become a significant and costly endeavor. In stark contrast, these are the 
conditions under which SARA's CASSPER system excels. 

Consider, for example, the challenge of measuring the transfer function between the terminals of 
two antennas (or similar devices) that are separated in space. In such circumstances, the input 
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and output are not located near each other, and their coupling is via a path that is quite likely to 
suffer interference from (and which may interfere with) the extemal environment. Specifically: 

(1) The coaxial cables that extend from the network analyzer to the spatially-separated 
teraiinals yield imintentional conduits, forming transmission lines between the cable shields 
and the ground. These undesired paths can alter the environment, and likewise the coupling, 
between the two antennas. Steps must thus be taken to ensure that these undesirable 
couplings do not compromise the measurement 

(2) The narrowband signals radiated by the source antenna can, in some circumstances, 
interfere with communications or other RF traffic in the area at the same frequencies. Such 
interference has been observed, and has caused problems, in areas around airports. 



Figure 2. Accurate transfer 
function measurements made 
by traditional means often 
require placement of the 
systems in special chambers, 
as well as carefiil placement of 
test cables to avoid interfer- 
ence with the measurements. 

♦Pictures borrowed from: EMC Test 
Systems, Inc. 




The distributed nature of the CASSPER network analyzer system allows the receivers to be 
placed very near the DUT ports. These receivers are tiien linked via fiber-optic cables that carry 
digital information, not the raw RF signals, to a centralized control unit. In contrast to coaxial 
cables, the fiber optic links 6onot introduce undesirable conduits for RF signals mto the test 
environment. 

Although fiber optic lines can be used (and sometimes have been used) with conventional 
network analyzers, xmfortunately the need to support the fiill fi-equency range of the stepped or 
swept signal reduces the dynamic range^ substantially. In contrast, the CASSPER control unit 
conveys a conunon digital signal to all the distributed receivers, phase-locking them to the 
transmitted RF signal. These receivers then digitize locally down-converted received signals, all 
s5nichronized to the same clock. These steps preserve the phase inforaiation and eliminate the 



^ Ratio of maximum to minimum useable power levels, normally expressed in dB. 
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problem of reduced dynamic range, since only digital signals are being exchanged over the fiber 
optic link. It should be emphasized that the synchronization of the distributed xmits is essential 
for this to work. One cannot achieve the same ends by simiply distributing two or more 
conventional network or spectrum analyzers, since there is no practical way to phase-lock these 
independent imits intemally. 

The incorporation of the LPWB test technique directly addresses the separate problem of 
potential interference with extemal commimications systems. The trick here is to replace the 
narrowband swept or stepped frequency approach of a conventional network analyzer with a 
continuous broadband signal of very low power within any particular communication band, thus 
becoming effectively non-perturbing within those bands (see Fig. 3). The CASSPER system can 
operate successfully at such a low power only because of its combination of coherence-based 
detection with repetitive averaging, which when taken together, boost the signal-to-noise ratio. 
(Alternative wideband techniques, such as those based on short pxilses rather than continuous 
signals, do not support coherence-based detection.) 
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Figure 3. The conventional narrowband swept method yields a power spectrum (left) where radiated signals 
may be perturbative to extemal systems. In contrast, the LPWB method (right) minimizes the spectral 
power density, and is thus effectively non-perturbative. 



The aforementioned features of the CASSPER system are especially important when large 
systems, such as aircraft, ships, or buildings need to be tested for RF shielding effectiveness. 
Figure 4 (next page) provides one such example. The complexity and cost of attempting to make 
such measurements by conventional means is well known. 
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Figure 4. Example application of CASSPER for measurement of aircraft shielding effectiveness. 
CASSPER's distributed receivers and fiber optic links (which avoid violating the RF integrity of 
the aircraft) plus use of the LP WB test technique (avoiding interference with nearby 
communications) are particularly valuable in these kinds of tests. 
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